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ABSTRACT
This researchconstructeda hydrologicalmodelby meansof availabledata,
hydrologicalequations,andGIS programto fmdouttherunoffdynamiconthe
studyarea.Therunoffdynamicwasanalyzedbydescribingrunoffondifferentland
covertypes,figuringthecorrelationbetweenhydrologicalcomponentandrunoff,
calculatingthe sensitivitiesof the hydrologicalcomponentsto runoff, and
identifyingthe responseof runoffto possiblelandcoverchange.The model
resultedthathehighestrunoffoccurredonbuiltupareaandthelowestoccurredon
cultivationarea.Infiltrationwas alsothehydrologicalcomponentthatmostly
influencedrunoff.Replacingforest,shrub,andplantationby cultivationgreatly
reducedrunoffup to 49 %. Enlargingforestareaincreasedrunoffabout12%.
Basedon thosefindings,the hydrologicalcomponenthavingthe strongest
correlationwithrunoffgavethemostinfluenceto runoffchange,andenlarging
forestareadoesnotalwaysdecreaserunoff.
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INTRODUCTION
In Indonesia,floodis thedisasterhavingthehighestfrequencycomparing
to otherssuchaslandslide,tsunami,andearthquake.IndonesianNationalBoard
for [DisasterManagement,2009]showedthatfloodsoccurred198times,15
percentof all disastersoccurrences,on2008,and339timesor 38percentof all
disastersoccurrenceson2007.Thosetwodatasetsshowthatfloodsoccurredmore
oftenthanotherdisastersandtheyhavecausedlossesto infrastructures,damage
environmentsandevenlossoflives.
Upperareaof Serayuwatershed,locatedmostlyon Wonosobodistrict,
affectsotherdistrictlocatedasthenextlower,Banjarnegara,in termof flooding
hazard.[Suryanto,2010]statedthatonMay 15,2010,a flashfloodoccurredon
Susukan,oneof subdistrictsin Banjarnegaraandit wipedsomesettlements
locatedinsurroundingSerayuRiver.At thesametime,afloodalsoinundatedother
Subdistrict,PurwarejaKlampok,about10-20em.Twofactorsontheupperareaof
SerayuWatershedthathypotheticallycantriggertheoccurrencesof floodsonthe
lowlandareasarenaturaleventandhumanactivities.
Thechangesof hydrologicycleon theupperareaof Serayuwatershed
affectedtheraiseof waterlevelon thedownriverandthechangesdependon
componentsof hydrologicalcycle.Someof factorsdeterminingvalueor levelof
eachcomponentin thehydrologicalcyclearetemperature,humidity,landcover,
landuse,topography,geomorphology,andsoil properties.Thosefactorscan
closelyrepresentthecharacterof hydrologicalcyclein theupperareaof Serayu
Watershedthroughconstructinga hydrologicalmodelby meansof hydrology
equations,upportingdata,andGeographicInformationSystem(GIS).Relatedto
flooding,theconstructedhydrologicalmodelcanrepresentrunoffdynamicsonthe
upperareaof SerayuWatershed.TherunoffdynamicsontheupperareaofSerayu
watershedcanbe usedasbaseinformationin floodanalyzing,mitigation,and
predictionsoananalysisofrunoffdynamicsthroughparameterizingahydrological
modelin theupperareaof SerayuWatershedisrequiredorneededasasupportin
solvingfloodproblems.The hydrologicalmodelfurthermorecanbe usedin
constructinganearlywarningsystemintheSerayuWatershedmanagement.
Studyareais locatedin Serayuwhichis oneof thebiggestwatershedsin
JavaIsland.It is locatedbetween110°4' 12"Eand109°41'24"Elongitudesand
between7°27'36"Sand7°10'48"Slatitudes(dottedareaonfig.1)
2
ANALYSIS OF SOLIDWASTE Adhi Nurol Hadi
-
Figure1.Locationofstudyarea
Withtotalarea95,173.65ha,thestudyareaoccupiestheupperpartof the
SerayuWatershedwhichconsistsof fourSub'Watersheds.TheyareSerayuHulu,
Begaluh,Tulis,andMerawuSubWatersheds.Therearetwostationsmeasuring
dischargesonthestudyarea.Firststationis,locatedon109041'34.9"Elongitudes
and7°23' 19.2"Slatitudes,andsecondstationis locatedon 109041' 35.2"E
longitudesand7°21'37.7"Slatitudes.Firststation,Banjarnegarastation,located
on Banjarnegarabridge, measureddischargecoming from Serayu hulu,
Begaluh,andTulisSubWatersheds.Secondstation,Clangapstation,locatedon
Clangapdam,mesuredischargecomingfromMerawuSubWatershed.According
tolocationsof dischargestations,theresearchdividedthestudyareaintotwoSub
Watersheds.SerayuHulu,Begaluh,andTulisSubWatershedswereconsideredas
oneSubWatershed,IntegratedSerayuHulu SubWatershed,andMerawuSub
WatershedwasstillconsideredasoneSubWatershed.Thelocationsof discharge
stationsandtheSubWatershedsareshownbyfig.3.
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Theelevationof studyareavariesfrom237to3037metersabovesealevel
andtheclimateis characterizedbyhavingan equatorialtropicalclimatewith
meanannualrainfallvaryingfrom1700mmupto4200mmperyear[Rustanto,
2010).Theareahastwomainseasons,rainyseasonanddryseason.Rainyseason
occursduringNovembertoApril,whiledryseasonfallsduringMayto October.
About73percentofmeanannualrainfallfallsintherainyseason.
Fig. 2 showsmonthlyrainfallhorn January2008to December2009.
Rainfalldatawerecollectedfromthirteenrainfallgaugeswithinthestudyarea.
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Figure3.LocationofdischargestationsandSubWatersheds
Meantemperaturein theareais around14upto270C. At higherelevation
andparticularlyin Diengplateauthe temperaturecan be coolerwith annual
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meantemperatureof 14°C.Mountainsreliefwithrelativelysteepslopecrossesthe
northernpartofstudyarea(fromWanayasatoKejajarSubdistricts).Ontheeastern
part,therearetwohighmountains,SindoroMountainwithheightof 3136meters
abovesealevelandSumbingMountainwithheightof3340metersabovesealevel.
The southpartis restrictedby mountainsreliefwithrelativelymoderateslope
crossingfromBanjamegaratoSapuranSubdistricts.The lowestarealies in the
southwesternpartof thestudyarea(BanjamegeraSubdistrict).
THE METHODS
Primarydatawhichconsistedof dailyrainfallfrom 13rainfallgauges,
hydrographsfromtwodischargestations,anddailytemperaturefromonestation,
cumulativeinfiltration,soilmoisture,andsoil bulkdensitywerecollectedfrom
institutionsandfieldobservation.MOD13Ql fromJune25,2008to Audust29,
2009(28imageries),Digitallandcovermapof2009(atresolutionof30mx 30m),
Digitalsoiltexturemap(atresolutionof30mx 30m),monthlysolaradiationfrom
June2008toAugust2009(atresolutionof 30mx 30m),DigitalElevationModel
(atresolutionof 30mx30m),andrivernetworkmap(atscaleof 1 : 25000),as
secondarydata,wereobtainedfromliteratures,databasesandcalculation.The
researchwasbasedon a simpleeventbasehydrologicalmodelrepresentingthe
hydrologicalprocessesin theupperpartof SerayuWatershed.RunoffDynamics,
asresultsof themodel,wereanalyzedbyobservingthehydrologicalcomponents
affectingtherunoffdynamics.
Constructingadynamichydrologicalmodel
Theresearchconstructeda ynamichydrologicalmodel,whichcontainsthe
basicwaterbalanceprocesses,rainfall,interception,evapotranspiration,nfiltration,
andrunoff,anddoesnottakeaccountofbaseflowaspect.Themodelwasbuiltin
dailyandstartsfromJuly 1,2008toAugust31,2009.Theresearchrunsall the
datain 30mx 30mpixelsize.NutShell3.4,aGIS computerprogramtofacilitate
therunningofPCRastercommandsandeditandrunPCRastermodels,wasusedto
runthemodel.
Rainfall
Monthlyrainfalldataandthealtitudeof rainfallgaugeswereplottedtoscattered
graphto figuretherelationshipsbetweenrainfallintensityandaltitude.Monthly
rainfalldatafromJanuarytoFebruarywereplottedtorepresentEast-Asiamonsoon
condition,andmonthlyrainfalldatafromJulytoSeptemberwereusedtorepresent
Indo-Australianmonsoon.Fig. 4 and5 showthecorrelationbetweenmonthly
rainfallandaltitudeintwomonsoonseasons.
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Figure4.Correlationbetweenaltitudeandmonthlyrainfall
onIndo-Austrianmonsoon
Figure5.CorrelationbetweenaltitudeandmonthlyrainfallonEast-Asiamonsoon
The figuresshowthatcorrelationcoefficientbetweenmonthlyrainfall
andaltitudewerepositive.Thesquareof correlationcoefficientsresultedfromthe
graphswereverylow,R2=0.0081forEast-AsiamonsoonandR2=0.0611for
Indo-Australianmonsoon.
Theresearchalsoplottedall monthlyrainfallfor theperiod2008- 2009
andaltitudesof thegaugesinto scatteredgraph.Table1 showsthesquareof
correlationcoefficientbetweeneachmonthlyrainfallandaltitudefor theperiod
2008- 2009.
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Table 1 showsthatmorethanhalf of correlationcoefficientsbetween
monthlyrainfallandaltitudein eachmonthwerenegative(sevenof twelve
coefficientwerenegative).PositivecoefficientsappearedinFebruary,March,May,
July,andSeptember,buttheywereverylow,from0.0057to0.2694.Thosesquares
of correlationcoefficientswerelowerthanthesquaresof correlationcoefficient
calculatedby [Baruti,2004],0.6333,showingthatrelationshipbetweenmonthly
rainfallandaltitudeduringresearchperiodwasveryweak.Basedonthosefacts,
therelationshipbetweenaltitudeandrainfallintensitywasnot involvedin the
model.
Table1.Squareofcorrelationcoefficientbetweeneachmonthlyrainfalland
altitudefortheperiod2008- 2009
Month
January
February
March
April
May
June
July
August
September
October
November
December
SquareofCorrelationcoefficients(R'2')
0.05680
0.07256
0.00003
0.13878
0.02078
0.00265
0.06306
0.05896
0.07078
0.00170
0.02588
0.01227
Correlationcoefficient(R)
-0.2383
0.2694
0.0057
-0.3725
0.1442
-0.0515
0.2511
-0.2428
0.2660
-0.0412
-0.1609
-0.1108
Respectingtothedenseanddistributionofrainfallgaugesonthestudyarea
(shownby fig.6),whichis inappropriateobeusedin interpolationmethod,and
weak correlationbetweenrainfall intensityand altitudeon the studyarea
duringresearchperiod,the researchdecidedtousethiessenpolygontodetermine
spatialdistributionofrainfallintensityinthemodel.
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Figure6.Rainfallgaugesmap
To getreasonablevaluesof NDVI, the28 imagerieswasselectedand
filteredbeforetheywereappliedinto the model.Selectionwas carriedby
visualizationi whichtheimageriesgenerallyrepresentingbadformwereremoved
fromdatalists.Imageriesfilteringweredoneintwosteps.Firststepwasremoving
anomalouspixelvaluesuspectedascloudsanditsshadowbyapplyingathreshold
value.SecondstepwaseliminatingthepixelshavingNDVI valuesuddenly
droppedor increasedandthenreturnedto nearthepreviousNDVI values.This
eliminatingmethodhasbeenusedby [Xiaoxia,Jixianetal.,2008],asBestIndex
SlopeExtraction(BISE), to removecloudspopulationin NDVI imageries.The
equationsusedintheeliminatingprocessare:
dNDVIt-l, t = (NDVIt-l-NDVIt) * 100% (3.1)
NDVIt-l
dNDVIt+l,t = (NDVIt+l-NDVIt) * 100% (3.2)
NDVIt+1
whereNDVIt-l andNDVIt+1 denotetheNDVI valuesof timet-l andt+1
respectively;dNDVIt-l,t anddNDVIt,t+1 showthevariationratefromt-l tot and
fromt+1totrespectively.It is assumedthathepixelattimet isaffectedbyclouds
if dNDVIt-l,tanddNDVIt,t+1arebothsurpass20%,thenthet timepixelvalueis
correctedbytheaverageoftimet-l andtimet+1[Xiaoxia,Jixianetal.,2008].
This researchassumedthatthepixel at timet is affectedby cloudsif
dNDVIt-l, anddNDVIt,t+1arebothsurpass30%,10%higherthanvalueusedby
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[Xiaoxia,Jixian etal., 2008]becausethetypesof vegetationon thestudyarea
possiblycouldreachthatpercentage(30%)atleastatMODIStimerange(16days).
On theotherhand,theconditionof weatheronthestudyareaalsosupportsthat
changeofNDVI value.
The researchusedan equationdevelopedby CampbellandNormanin
Kuriakose(2006)toobtainLeafAreaIndex(LA!) fromNDVI,.Theequationis:
LAI=-2ln(l-fc) (3.3)
Where,fc isthefractionalvegetationcover.
Fractionalvegetationcoverwas determinedby usingequationsuggestedby
Walthallet.a1.in [Kuriakose,2006].Theequationisasfollow:
Fc~ [ :g:=--:g~\Jkc (3.4)
Where,NDVI max is the maximumNDVI for eachusedimagery,
NDVImin is theminimumNDVI foreachusedimagery,NDVIi istheNDVI ofa
particularcell,andkc is thecropfactorof therespectivelanduse.Theresearch
usedcropfactorprovidedby [Allen,Pereiraetal., 1998]asFAO Irrigationand
DrainagePaper56.
Maximumstoragecapacityofcanopywasassumedasinterceptioncapacity
anditwascalculatedbyapplyingtheequationproposedbyYonHoyningen-Huene
in [DeJongandJetten,2007;BulcockandJewitt,2010].Theequationis:
Smax=0.935+0.498(LAI)- 0.00575(LAI2) .(3.5)
The storageSmaxwas filling up with rainfall and emptyingwith
evaporation,andinterceptioncouldnotbecomemorethanSmax.
Evapotranspiration
Accordingto collectedavailabledata,theresearchselectedHargreaves
equationin [YatesandStrzepek,1994]to determinevapotranspirationn the
model.Theequationis:
Erc=0.0022*RA* 'TO.5*(T+17.8) ..(3.6)
=referenceevapotranspiration(mmJday)=Potentialevapotranspiration
=meanextra-terrestrialadiation(mmJday)
=meanmonthlymaximumtemperature- meanmonthlyminimum
temperatureforthemonthofinteresteC)
9
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T =meanairtemperatureC'C)
Mean extra-terrestrialradiationwas calculatedby using point solar
radiation,anextensionprovidedbyArcgis9.2,andTemperaturewasobtainedfrom
onetemperaturestationlocatedon9165983E longitudesand369749S latitudesat
292masI.
Actual evapotranspirationequal to actualtranspirationplus actual
evaporationandwasdeterminedbyfollowingequations.
Ta=Erc*fc*Kc(3.7)Ea=Erc*(1-Kc) ... .(3.8)
ETa=TA+Ea (3.9)
Where:
Eta =actualevapotranspiration(mm)
Erc =potentialevapotranspiration(Etp)(mm)
fc =fractionalvegetationcover
Kc =Cropfactor
Inf"lltration
The researchdeterminedaily infiltrationby calculatingsoil moisture
storagecapacity,Rc.Thestoragecapacitywascalculatedbyfollowingequation.
RC =MS*BD*EHD*(Eta/ETO) .(3.10)
Where:
RC =SoilMoistureStorageCapacity(mm)
MS =soilmoisturecontentatfieldcapacity(%)BD=Bulkdensity(mglm3)
EHD =EffectiveHydrologicalDepth(mm)
Eta/ETO=Ratioofactualtopotentialevapotranspiration[Baruti,2004;Rustanto,
2010]
Otherresearcher,[BasayigitandDine,2010],addeda power,0.5,to the
ratioofactualtopotentialevapotranspiration,thentheequationbecame:
RC =1000MS*BD*EHD*(Eta/ETO)0.5 (3.11)
Thisresearchusedthesecondequation,providedby[BasayigitandDine,2010].
Runoff
Thisresearchdeterminedrunoffvaluein themodelusingtheequationas
follow:
10
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Runoff=rainfall-(potentialevapotranspiration+i terception+Infiltration)..(3.12)
In themodel,runoffwasappliedby usingLDD (LocalDrainDirection),
oneof functionsin thenutshellthatcreatesamaprepresentingdirectionof flowof
waterfromeachcellto itssteepestdownslopeneighbor.LDD linkseachcelland
createsalinenetworkasflowpattern.Themodelisdescribedbytheflowingchart
(fig.7).
Soil
moisture
Hargreaves in
(Yaln and StnI!ooIc 199<11
f._ [ NDVt.,-NM J k.ID/t .'- PD.II,
Waithall, et. aI.
(2004)
I
I
I
I
Actual I I
Evapotranspiration~.r. - - .1
I
I
Smal(=0.935+0.498(LAI)- O.00575(LAI2)
Runoff =Rainfall- (Interception+PotentialEvapotranspiration+Infiltration)
Figure7.A flowchartdescribingmodelconstruction
Analyzingrunoffdynamics
Comparingmodeledandmeasuredrunoffs
Modeledrunoffwasproducedby themodelandmeasuredrunoffwas
obtainedfromthehydrographsby purposingFixedtimemethod[Wanie/ista,
Kerstenetal. 1997]assumingthatsurfacerunoffalwaysendsaftera fixedtime
interval.Thefixedtimeintervalwasdeterminedbyequationasfollow.
't=(DA)n (3.13)
11
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Where:
't =Timefromthepeaktotheendoftherunoffhydrograph(days)
DA =Drainagearea(miles2)
N =recessionconstant(0.2)
Modeledrunoffwas comparedto measuredrunoffin monthlyunitby
involvingPearsonProductMomentCorrelationmethod[McCuen,1998].The
methodappliesthefollowingequationto determinethecorrelationcoefficient
betweenvariables.
R = Livi -(( Li Li) / n ) .. .(3.14)
Where:
R =Correlationcoefficientyi =Valueof variabley
xi =Valueofvariablex
3.2.2. Identifyingthe correlationbetweeneachhydrologicalcomponentand
modeledrunoff
The correlationbetweeneach hydrologicalcomponent,interception,
evapotranspiration,orinfiltration,andtotalmodeledrunoffoftwoSubWatersheds
wascalculatedby PearsonProductMomentCorrelationmethodaswasdonein
comparingmodeledandmeasuredrunoffs.
Evaluatingthesensitivityofhydrologicalcomponentsomodeledrunoff
In ordertodeterminesensitivitiesof hydrologicalcomponentsomodeledrunoff,
theresearchappliedsix simulationsintothemodeltorunthemodifiedhydrolo-
gicalcomponents.Thesimulationswere:
1. Interceptionwasmultipliedby oneandhalf,andothercomponentswere
remam
2. Interceptionwasmultipliedbytwo,andothercomponentswereremain
3. Potentialevapotranspirationwasmultipliedby oneandhalf,andother
componentswereremain
4. Potentialevapotranspirationwasmultipliedbytwo,andothercomponents
wereremam
5. Infiltrationwasmultipliedby oneandhalf,andothercomponentswere
remain
6. Infiltrationwasmultipliedbytwo,andothercomponentswereremain
Analyzingtheresponsesofrunofftopossiblemodifiedlandcover
Theresearchappliedthreescenariosintothemodeltoidentifytheresponsesof
runofftothelandcoverchange.Thescenarioswere:
1. Replacingcultivation,shrub,andplantationlandcovertypesbyforest
12
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2. Replacingcultivation,shrub,andforestlandcovertypesbyplantation
3. Replacingplantation,shrub,andforestlandcovertypesbycultivation
RESULT AND DISCUSSION
Characteristicsofhydrologicalcomponentsoneachlandcovertype
Totalof hydrologicalcomponentsin eachlandcovertypeduringresearch
periodastheresultofthemodelarerepresentedbytableI
Table1.Totalofhydrologicalcomponentineachlandcovertype
No Landcover
type
Cwnulative Cwnulative CwnulativeactualCwnulativeCwnul
interception potential evapotranspirationinfiltration ative
(nun) evapotranspiration (nun) (nun) runoff
nun) (m3
734 734noo %) 474 1980
790 819(104%) 1257 1074
632 521(82%) 2622 74
537 496(92%) 2535 416
546 442(81%) 2817 138
609 509(83%) 2735 178
336 278(83%) 2487 960
1 BuiltUDarea 295
2 Paddyfield 300
3 Dry land 352
4 Forest 421
5 Shrub 427
6 Plantation 432
7 Grassland 483
Source:calculatedby themodel
The highestcumulativeinterceptionon thestudyareaduringresearch
periodwasongrasslandandthelowestwasonbuiltuparea.Thatconditionwas
supportedbyvegetationsgrowthonthosetwoareas,vegetationsonbuiltup area
waslowerthanvegetationsongrassland.
The cumulativevapotranspirationsthe studyareaduringresearch
periodoccurredon paddyfield and the lowestoccurredon Grassland.The
differencebetweenpotentialandactualevapotranspirations assumedas crop
waterneed[PidwirnyandJones,2009].Thepercentageof actualevapotranspi-
rationtopotentialevapotranspirationwasanimplicationof cropfactorsusedinthe
modelandrepresentsquantityofwaterthatis actuallyremovedfromasurfacedue
totheprocessesof evaporationandtranspiration[PidwirnyandJones,2009].The
researchassumedthaton thebuiltup area,all thepotentialevapotranspiration
would becameactual evapotranspiration(high actual evapotranspiration)
respectingtheconditionof builtup areacoveredby buildings,asphalt,concrete,
andotherconstructionsandinflictingcropwaterneedonthebuiltupareabecame
almostzero.This conditionis in linewith [Lin, Veldeetal.,2008]statingthat
mixedeffectof construction,waterbody,streetreesandgrassparcelsthathave
very high evapotranspirationdrive the urban areasto have high actual
evapotranspiration.
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Forestareahadrelativelyhighactualevapotranspirationc mparingto its
potentialevapotranspiration,respectingtotheconditionofforesthatgenerallywas
stilldense.Actualevapotransiprationofpaddyfieldwashigherthanits potential
evapotranspirationbecausethisresearchassumedthatalmostallthecropfactorsin
paddyfiledgrowthstagesweremorethanonerepresentingirrigationinvolvement.
Thehighestinfiltrationonthestudyareaduringresearchperiodoccurredin
Shrubarea(2864mm)andthelowestoccurredin thebuiltuparea(499mm).Dry
land cultivation,forest,shrub,plantation,and grasslandhad relativelyhigh
infiltration(2400mm- 2900mm).Ontheotherhand,builtupareahadthelowest
infiltrationwhichwascausedby constructionsdominantlycoveredthearea,and
paddyfieldalsohadrelativelylow infiltrationrepresentingtheeffectof growth
stages(stages1and2)inwhichtheareawereinundatedresultinglowinfiltration.
Landcovertype,whichhadthehighestrunoff,wasthebuiltuparea,with
cumulativerunoffequaledto1980m3.Thatfactrepresentstheconditionof surface
onthebuiltupareawhichwasmostlycoveredbybuildings,asphalt,concrete,and
otherconstructions.Constructionscoveringsurfacereduceinfiltrationcapability
andincreaserunoff.The lowestrunoffoccurredon dry landcultivation.This
conditionwascausedbyhigheffectivehydrologicaldepth(EHD)hadbydryland
cultivation.Effectivehydrologicaldepthofdrylandcultivation,especiallyin initial
andcropdevelopmentgrowthstages,wasveryhigh.ThatEHD couldincreasesoil
moisturestoragecapacityandreducerunoff.In initialgrowthstage,farmers
cultivatedthelandandmadethewateronthelandinfiltratedeasily.
ComparingModeledRunoffandMeasuredRunoff
MonthlyModeledrunoffsof IntegratedSerayuHulu andMerawuSub
Watershedscomparedtomonthlymeasuredrunoffsareshownbygraph8 and9.
Accordingtothosegraphs,in termsof totalrunoff,modeledrunoffwascloserto
measuredrunoffonIntegratedSerayuHuluSubWatershedthanmodeledrunoffto
measuredrunoffin MerawuSubWatershed(shownbythepositionof blackfme
linesrespectingtobluefmelines).In termsof runoffdistributioni eachmonth,
modeledrunoffwascloserto measuredrunoffonMerawuSubWatershedthan
modeledrunoffto measuredrunoffin IntegratedSerayuHulu SubWatershed
(shownbythetrendsofdashedbluelinesanddashedblacklines).
14
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Figure10.ComparisonofmodeledandmeasuredrunoffonIntegrated
SerayuRu1uSubWatershed
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Figure11.Comparisonofmodeledandmeasuredrunoffon
MerawuSubWatershed
Thecorrelationcoefficients,ontheFigure10and11describethecloseness
of modeledrunoff to measuredrunoff with assumptionthat if correlation
coefficientequalsto onethenmodeledrunoffis exactlysamewith measured
runoff.Thegraphshowthatin IntegratedSerayuRuluSubWatershed,22.59%of
16
CompaflooDfUodllMlamiMHlllI8dRIIBIdftforImp HIiD8UD
walmltad
... scmJOOD
1
7tmJOO!]. .
6OCCOOD.
I. 5CO:OOD·
1J 4CmJOOD. . ..-
I 3OCOOJDD.
f mmJilD·
..... . .
'ID:OOOD· .
Io.a.c
0 "Ii,;
=D.22&I
MonlUf"DUNd I'tI8DIY[m
r . companIOn-UIH' (Ca1l\P8J1so.n) I
ANALYSIS OF SOLIDWASTE AdhiNurolHadi
thevarianceinmeasuredrunoffcouldbeexplainedbyvarianceofmodeledrunoff,
andin MerawuSubWatershed,58.78% of thevarianceinmeasuredrunoffcould
beexplainedbyvarianceofmodeledrunoff.
Table2 showsthetotalmodelrunoffson two SubWatershedsduring
researchperiodcomparedtototalmeasuredrunoffsfromtwodischargestations.
Table2.Modeledrunoffcomparedtomeasuredrunoff
No SubWatersheds
1 IntegratedSerayuHu1u
2 Merawu
Totalrunoffsduring14months
Modeledrunoff(m3) Measuredrunoff(m3
267118807 380333747
62371385 314490165
Accordingto table2, themodelresultedrunoffthatwerelowerthan
measuredrunoff,70.23% forIntegratedSerayuHuluSubWatershed,and19.83%
for MerawuSubWatershed.Thosedifferences,betweenmodeledandmeasured
runoffs,werecausedbydeficienciesinvolvedintheresearch.First,thedistribution
of rainfallgaugesdidnotfullycoverthedistributionof rainfallintensityoccurring
onthestudyarea.Smallnumberandlocationsof availablerainfallgaugesonthe
studyareacausedthisproblem.Second,thedistributionof samples,73cumulative
infiltrationandbulk densitymeasurements,on the studyareawas still not
proportionalto the distributionof land coveron the studyareacausedby
accessibilitylimitation.Third,growthstagesofpaddyfieldanddrylandcultivation
involvedin themodelstillcouldnotrepresenttherealplantingcycleappliedby
farmersonthestudyarea.Theresearchassumedthatall paddyfieldanddryland
cultivationstartedplantinginthesametimeoreachofthemhasauniformgrowth
stage.In fact,paddyfieldanddrylandcultivationonthedifferentlocationshave
differentgrowthstages.
Thisdeficiencywascausedbylimitationin applyingvariousgrowthstages
ofalandcovertypeintomodel.Fourth,oneof soilproperties,porosity,involvedin
themodelwasobtainedfromreference,whichprobablywasnotappropriatewith
theconditiononthestudyarea.
CorrelationbetweenEachHydrologicalComponentandModeledRunoff
Totaldailyrunoff,averagedailyinterception,potentialevapotranspiration,
andinfiltrationonthestudyareahadbeeninvolvedin PearsonProductMoment
Correlationmethodto calculatethecorrelationbetweeneachof hydrological
componentanndmodeledrunoff.Resultsofcalculationareshownbytable4.3.
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Table3.Correlationcoefficientbetweenhydrologicalcomponent
andmodeledrunoff
No Hydrologicalcomponents Correlationcoefficientbetweenhydrological
componentandtotalmodeledrunoff
1 Interception 0.3553
2 PotentialEvapotranspiration 0.2585
3 Infiltration 0.6638
Source:Calculationscarriedin MicrosoftOfficeExcel2003
Table3 showsthatthehighestsquareof correlationcoefficientwashadby
Infiltration-totalmodeledrunofflinearrelationshipandthelowestonehadby
potentialevapotranspiration-totalmodeledrunofflinearelationship.
Basedontable3, it canbestatedthat66.38% of thevariancein thetotal
modeledrunoffcouldbe explainedby varianceof infiltration,35.53% of the
varianceinthetotalmodeledrunoffcouldbeexplainedbyvarianceof interception,
and25.85% of thevariancein thetotalmodeledrunoffcouldbeexplainedby
varianceofpotentialevapotranspiration.
Correlationcoefficientsonlydeterminethestrengthof linearrelationships
betweeneachhydrologicalcomponentandtotalmodeledrunoff.Theydo not
representthelevelof causalityoreffectbetweenhydrologicalcomponentandtotal
modeledrunoff Correlationcoefficientstronglydependsondatadistributionof
variablesinvolvedin linearrelationship.Correlationcoefficientdoesnotdescribe
thecausalitybetweenvariablesbutitshowstheresponsesofvariablestofactorthat
mainlyaffectedtheirvaluesor levels.In thisresearch,thefactormostlyaffecting
valuesorlevelsofhydrologicalcomponentswasrainfall.
SensitivitiesofHydrologicalComponentstoModeledRunoff
Table4 showsthe resultsof theprocessesrepresentingthe changes
of hydrologicalcomponentvaluesandtheireffectstomodeledrunoff.Basedon
table4, themostsensitivecomponentto runoffin themodelwas infiltration.
Runoffwasraisedmorethan20percentwheninfiltrationwasincreasedahalfof
originalvalueandit raisedmorethan30percentwheninfiltrationwasincreased
twotimesof originalvalueontheother hand, intercepttionand potential
evapotranspirationhadlow sensitivitiesrespectingto infiltration.Runoffdecrea-
sedabout3.70- 5.01percentwheninterceptionwasaddedby ahalfof original
valueandreductionincreasedto 8.71- 11.37percentwheninterceptionwas
increasedtwo timesof originalvalue.Evapotranspirationhadrelativelysame
sensitivitywithinterception.Runoffdecreased5.65- 6.53percentwhenpotential
evapotranspirationwasincreaseda half of originalvalueandit decreased11.43-
13.28percentwhenpotentialevapotranspirationincreasedtwotimes.
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ResponsesofModeledRunofftoPossibleModifiedLandcover
Landcovermodifications,thescenarios,wereappliedbyreconstructingand
rerunningthemodel.Theresultsof thererunningmodelareshownby table5.
Resultsof scenariosshowsthatallmodifyinglandcoverstypes,forest,plantation,
andcultivation,gavedifferentaffectomodeledrunoff.Cultivationhadthemost
negativeinfluenceto runoffcomparingto twootherlandcovertypes.It greatly
reducedrunoff,35.46% forIntegratedSerayuHuluSubWatershed,and49.92%
forMerawuSubWatershed.Replacingcultivation,shrub,andplantationbyforest,
increasedmodeledrunoffonthoseSubWatersheds,12.40% forIntegratedSerayu
HuluSubWatershed,and12.25%forMerawuSubWatershed.
19
ANALYSIS OF SOLIDWASTE AdhiNurolHadi
Table4.Thechangesof hydrologicalcomponentvaluesandtheireffectstorunoff
Hydrological Originalrunoff(m3) Generatedrunoff(m3) Percentage
No component Integrated Merawu Integrated Merawu IntegratedMerawu
changes Serayu Sub Serayu Sub Serayu Sub
HuluSub Watershed HuluSub Watershed HuluSub Watershed
Watershed Watershed Watershed
1 Interception 26711880762371385257236264 59245374 -3.70 -5.01
multipliedby
2 Interception 26711880762371385243845969 55279166 -8.71 -11.37
multipliedby
two
3 Potential 26711880762371385252026111 58299038 -5.65 -6.53
evapotranspir
ation
multipliedby
oneandhalf
4 Potential 26711880762371385236574503 54089005 -11.43 -13.28
evapotranspir
ation
multipliedby
two
5 Infiltration 26711880762371385204971070 46758232 -23.27 -25.03
multipliedby
one
andhalf
6 Infiltration 26711880762371385 178892923 39927885 -33.03 -35.98
multipliedby
two
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Table5.Totalmodeledrunoffastheresultsof scenarios
Ontheotherhand,replacingcultivation,shrub,andforestbyplantation,increased
modeledrunoff on IntegratedSerayuHulu Sub Watershedabout16.48%,
meanwhileitdecreasedmodeledrunoffonMerawuSubWatershedabout24.53%.
Replacinglandcovertypesby cultivationdecreasedmodeledrunoffon
bothSubWatershedsbecausecombinationof cultivationwithanysoiltextureshad
thehighesteffectivehydrologicaldepthcomparedto combinationsof otherland
cover typeswith soil textures.Scenario1 increasedrunoffson both Sub
Watershedsbecauseforest that has the lowest infiltrationand potential
evapotranspirationamongthemodifiedlandcovertypes(table1)replacedtheland
covertypeswhichhadrelativelyhighinfiltration.Ontheotherhand,cultivation,
shrub,andplantationhadlargerareasthanforestarea(table6) sothatcondition
reducedinfiltrationcapacityandincreasedrunoffonthestudyarea.
Scenario2,replacingcultivation,shrub,andforestbyplantation,decreased
modeledrunoffonMerawuSubWatershedbecauseplantationhadrelativelyhigh
interceptionandinfiltration(table1).Eventhoughplantationhadhighinterception
andinfiltration,modeledrunoffon IntegratedSerayuHulu SubWatershedwas
increasedby scenario2. This conditionwasaffectedby thedifferenceof soil
texturedistributionsonbothSubWatersheds.Combinationof plantationandclay
loam had the highesteffectivehydrologicaldepthin plantation-soiltexture
combinationsandclayloamin MerawuSubWatershedhadlargerarea(28.77%)
thanclayloamin IntegratedSerayuHuluWatershed(2.22%),whichmadethe
combination,gavemoreeffectinMerawuSubWatershedthanin IntegratedSerayu
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Originalrunoff(m3) Generatedrunoff(m3) Percentage
IntegratedMemwuSubI IntegratedMemwuSub IntegratedMerawu
No Scenarios Semyu Watershed Semyu Watershed Serayu Sub
HuluSub HuluSub HuluSub Watershed
Watershed Watershed Watershed
1 !Replacing267118807.962371385.52300245523.270012123.19 12.40 12.25
[cultivation,
hrub,and
plantation
y forest
2 !Replacing267118807.962371385.52311145170.547072327.81 16.48 -24.53
[cultivation,
shrub,and
orestby
3 Replacing 267118807.962371385.52172390270.331237501.19-35.46 -49.92
plantation,
hrub,and
orestby
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Hulu Sub Watershed.Table7 showssoil texturedistributionin both Sub
Watersheds.
Anotherfactor,makingscenariotwo increasedmodeledrunoff on
IntegratedSerayuHulu SubWatershed,wasthedifferenceof areasthatwere
replacedbyplantation.In scenariotwo,52.36% of IntegratedSerayuHuluSub
Watershedareaand55.71% of MerawuSubWatershedareawerereplacedby
plantation.Themoreareasthatwerereplacedthemoreeffectthatwas given
by plantation,thehydrologicalcomponentwhichcouldgreatlyraiseinterception.
Table6.AreasoflandcovertypesintwoSubWatersheeds
IntegratedSerayu MerawuSub
No Landcover HuluSub % Watershed(pixel %
types Watershed(pixel number).. ...
1 Builtuparea 40809 5.35 9281 3.68
2 Paddyfield 49666 6.52 7612 3.02
3 Waterbody 1482 0.19 208 0.08
4 Drycultivation 173126 22.71 54428 21.58
5 Forest 74920 9.83 37369 14.82
6 Shrub 151012 19.81 48717 19.31
7 Plantation 268289 35.20 94331 37.40
8 Grassland 2862 0.37 279 0.11
Source:Digitallandcovermapandcalculationcarriedin Arcgis9.2
Table7.Areasof soiltexturesintwoSubWatersheeds
IntegratedSerayu MerawuSub
No Soiltexture HuluSub % Watershed %
Watershed (pixelnumber)
1 Clay 98607 12.9314967 5.93
2 Clayloam 16935 2.22 72602 28.77
3 Loam 175643 23.0461696 24.45
4 Loamysand52344 6.86 - 0
5 Sandyloam 347395 45.5683879 33.24
6 Siltloam 56991 7.47 - 0
7 Siltyclay 14561 1.91 19169 7.60
Source:digitaltexturemapandcalculationcarriedin Arcgis9.2
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CONCLUSIONS
Thehighestrunoffoccurredonbuiltupareaandthelowestrunoffoccurred
ondrylandcultivation.Surfaceconditionandeffectivehydrologicaldepthof land
covertypesdetenninedlevelofrunoffoneachlandcovertype.
ModeledrunoffonmerawuSubWatershedwasclosertomeasuredrunoff
thanmodeledrunoffonIntegratedSerayuHuluSubWatershedtomeasuredrunoff,
andbothmodeledrunoffsonIntegratedSerayuHuluandMerawuSubWatersheds
werelowerthanmeasuredrunoffsonthoseSubWatersheds.
Not all hydrologicalcomponentshad negativecorrelationwith total
modeledrunoff,and the hydrologicalcomponent,which had the strongest
correlationwithtotalmodeledrunoff,wasinfiltration.
Thehydrologicalcomponent,whichmostlyinfluencedmodeledrunoff,was
infiltrationandit canbeconcludedthatthehydrologicalcomponenthavingthe
strongestcorrelationwithrunoffgavethemostinfluencetotherunoffchange.The
resultsof applyingscenariosintomodelshowthatenlargingforestareadoesnot
alwaysdecreaserunoff.Soilpropertiesalsohavegreateffectotherunoffdynamic.
RECOMMENDATIONS
To getmoreaccuratelyresult,moredensesamplingpointsareneededto
representinfiltrationandsoilpropertiesmoredetailonthestudyarea.Omparing
hydrologicalcomponentsand factorsaffectingthe componentson two Sub
Watersheds,IntegratedSerayuHulu andMerawu,in moredetailarerequired
to observethecharacteristicsof thoseSubWatershedsandtheiraffectstorunoff
onthedownstream. .
Reconstructingthemodelusingimagesthathavehigherorloweraccuracy
isrequiredtoinvestigateheeffectofdataaccuracyusedinthemodeltotheresults
comparingtotherealcondition.Thiscanbeusedtodetermineaccuracyofprecise
datathatcanproduceresultclosesto reality. installingequipmentsin well-
distributedpositiontomeasurethefactorsaffectinghydrologicalcomponents,such
as windspeed,temperature,humidity,solarradiation,andrainfallintensityis
neededtoobtainthemoreaccurateandrepresentativedata.
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